Serological investigations for the diagnosis of infection are widely used in the large majority of the Microbiology Laboratories. These assays include the search for antigens and more frequently specific antibodies and are normally used to detect acute, chronic or past infection, depending on the stage of the infection itself and on the hypothesized pathogen. These techniques are mainly applied in the diagnostic workflow for viral infections, but they have also potential usefulness in selected bacterial, fungal and parasitic infections, such as syphilis and toxoplasmosis. Given the wide applicability of these highly automated techniques, their application on samples derived from transfused patients is not uncommon. When used with these particular specimens the results can largely depend on the time between the transfusion and sample collection and on the whole amount of transfused blood components. In detail, these issues may be related to the following two main points: i) the presence of serological markers (typically polyclonal antibodies) in the blood donor, with passive transfer into the transfused patient, that would acquire a different immunological profile depending on the characteristics of the transfused immunoglobulin; ii) the dilution of the patient's whole blood volume generated by the transfusion (this phenomenon could also happen when other fluids are conspicuously introduced in patients, such as when plasma-expanders are used).
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The caveat about the limitations in the use of serological assays in transfused patients is thus wide. Despite this fact, clinicians investigating the aetiology of an infection, not always give the due consideration to this problem that could generate clinical misinterpretation of the serological data. In addition, the information about the recent injection of blood related biological products via transfusion is often not made available to the Microbiology Laboratory.
As biological markers of infection, in most of the cases specific IgG and IgM and, much less frequently, IgA, are sought. For selected stages of some viral and fungal infections, plasma circulating antigens can also be directly investigated, such as in the case of Hepatitis B surface antigen (HBsAg) detection for hepatitis B virus (HBV) infection. Since all blood-donated units are routinely screened for the presence of HBsAg and only negative the ones are allowed to be used for transfusion practices, the identification of this marker in a transfused patient is undoubtedly an index of active HBV infection since its transmission via transfusion is highly unlike. The same behaviour is demonstrated for anti-hepatitis C virus, anti-HIV or syphilis antibodies since all blood products are screened for these infections. This is not the case for the detection of anti-HBs (that is HBsAb). Blood components are allowed to be taken from donors vaccinated against HBV (and therefore antiHBs positive) or from donors with HBV past infection [in this case the serological profile would be anti-HBs and core antigen of hepatitis B virus (anti-HBc) positive]. As a consequence, the detection of antiHBs and anti-HBc in a transfused patient could either be the result of the patient's immune response against HBV or the passive transfer of these specific antibodies by transfusion (this is more likely when these anti-HBV specific antibodies are detected at a low titre). In this latter case, the results of serological testing can be clinically misinterpreted (of course when no information about the transfusion status of the patient is provided).
The level of awareness about this possible clinical misinterpretation of serological data is quite high for inpatients that could be transfused many times during their hospital stay. On the other hand, this phenomenon is likely underestimated for outpatients or for those subjects that are moving from one clinical department to another (or when the patients are transferred to a different care giving setting) being the above conditions a well-known cause of failures in the information transfer about the occurrence and timing of blood transfusion.
For other markers of infection not routinely screened on blood donations, the situation is even more problematic because it is difficult to determine the presence of specific antibody in the blood product (1) . For the diagnosis of many different infections antigen specific IgG and IgM are normally sought. The presence of IgM against a specific infectious agent is very unlikely (even not completely impossible) in a blood donation since a clinically evident infection is a status that makes the Editorial obtained from (poly)transfused patients when IgG are variably detected in one samples from another. In these patients it is of outmost relevance to investigate the presence of the same anti-antigen specific IgG in the donor. Furthermore, in some (limited) cases, the IgM immune response is not detected (or with a very low titre), so the acute stage of infection is detectable only by the presence of specific IgG seroconversion (6, 7) . In this case it is difficult to understand if the presence of IgG is actually generated by a post infection seroconversion or by passive transfer following transfusion. No doubt that in these cases other microbiological investigations must be carried out: in addition to search for the presence of IgG in the donor (which may not be diriment or easy to be performed), the detection of pathogen nucleic acids by molecular biology techniques in transfused patient can help solving the problem (1). Being the issue clear and in case of strong clinical suspicion, clinicians should not only rely their diagnosis on serology testing but should prescribe, when available, pathogen specific molecular biology tests. This must also be considered (and strongly suggested to the Clinicians) by the Microbiology Laboratory, in particular in all the cases of inconsistent antibody detection in serial serum samples. Furthermore, a clinical microbiology comment placed in the laboratory report such as the immune response is indicating a likely past infection (obvious in the case of detection of IgG without IgM), can be confusing. This kind of comment is perfectly suitable for not transfused patient, but in transfused patients this sentence could lead the clinician to a wrong diagnosis. This is even more likely when the report is reviewed after some time.
In the overall clinical evaluation of the serological report in transfused patients it is important to keep in mind the time interval between the transfusion and the collection of the serum sample for the microbiological diagnosis (the shelf-life of passively antibodies introduced with transfusion, estimated in about 25 days, should be considered as well) (3) . In addition it is important to critically evaluate the number of transfusions (and the interval between the different transfusions) received by each individual patients. It is also relevant to consider the type of transfused blood component, since the passive transfer of IgG, can vary depending on the different type of blood component (packed red blood cells, platelets or plasma) used. The initial antibody titre of donors, whose blood components are assembled into pools (for example in the platelet pool), is another determining factor. Most of these variables are difficult to verify, and for this reason the use of molecular biology tests can be helpful. It is also relevant to state a clear and factitive cooperation between Clinical Microbiologists and the Blood Bank systems.
The transfusion of whole blood or blood components, however, is not only confusing for the antibody presence in the donor, but also for the dilution effect that this therapeutic intervention generate into the receiving patients. A massive blood transfusion (as well as for the infusion of large volume of plasma-expanders substances) can lead to a clinical false negative detection of pathogen specific antibodies. For example, the negativity of HBsAg after an abundant transfusion of plasma can be non reliable for the exclusion of an acute HBV infection. The guidelines issued by the Italian National Transplant Centre for the serological testing of tissue donors, indicate that if the donor sample dilution, due to transfusion or infusion of plasma expanders in the 48 hours before withdrawal, is more than 50%, the result is not reliable and the donor must not considered suitable for donation. To ascertain the donor suitability, when the dilution is hypothetically low, all the necessary parameters must however be given for the calculation of the dilution level, but it is more appropriate and preferable to perform the serology testing in pre-transfusion obtained samples, when available. In this case the pre-transfusion sample are generally available from the Blood and Organ Bank system where they are stored after the immune typing and tissue compatibility screening procedure (4) . The effect of the massive dilution is therefore decisive in evaluating the results (moreover also normal blood sample should not be run near the point of entry of an infusion), but in the case of clinical suspicion even lower dilutions should be kept in mind as the marker may have been present at very low level in the patient before the transfusion. The repetition of the test after some time from transfusions (if clinically possible) can help to improve the evaluation of these data.
In conclusion, the serology testing in transfused patients has always been known as a problematic diagnostic procedure. This could also be the problem in samples obtained from patients receiving massive doses of therapeutic immunoglobulins) (2, 5) . Consequently, an accurate transfer of all the available information and a close cooperation between microbiologists, Blood Banks doctors and clinicians are vital for the correct evaluation of the serology tests in this potentially problematic population of patients. 
